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BACKGROUND OF THE INVENTION 



1. 



FIELD OF THE INVENTION 



5 



The present invention relates to an irrigation system 



for a medical device such as a phacoemulsification 



handpiece . 



2. 



BACKGROUND INFORMATION 



10 



The lens of an eye can be removed in a procedure 
commonly referred to as phacoemulsification ("phaco"). 
In a phaco procedure an ultrasonically driven tip is 
inserted through a small incision in the cornea and used 

15 to emulsify the lens. The tip extends from a handpiece 
that is held by a surgeon. The tip is coupled to an 
irrigation system that supplies an irrigation fluid to 
the surgical site. The tip is also coupled to an 
aspiration system that aspirates the irrigation fluid and 

20 the emulsified lens. The irrigation fluid provides a 

medium to remove the emulsified lens. Additionally, the 
irrigation fluid provides a medium to transfer heat 
generated by the ultrasonically driven tip. 



25 tissue may occlude the aspiration line. The occlusion 
may increase the downstream vacuum pressure of the 
aspiration line. If the occlusion becomes dislodged the 



When performing a phaco procedure emulsified lens 
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cornea will be exposed to the increased vacuum pressure. 
This large instantaneous vacuum pressure may cause the 
cornea to collapse. There have been developed various 
devices and systems for preventing a cornea collapse due 
5 to an occlusion in the aspiration line. For example/ 
U.S. Patent No. 5,106,367 issued to Ureche, et al . 
discloses a vacuum surge suppressor that limits the 
transient flow during a vacuum surge by increasing the 
resistance of the aspiration line. 

10 Most phaco systems address the issue of occlusion and 

control of intraocular pressure with devices, sensors 
etc. in the aspiration system. The aspiration system is 
downstream from the eye. The control of pressure and 
flowrate in the eye is therefore somewhat limited. Such 

15 a system is similar to controlling the flow of water 
through a stream with a dam located at the end of the 
stream. Any input from a downstream dam will have a 
delayed and possibly attenuated effect on the upstream 
conditions. It would be desirable to integrate control 

20 and safety features in the upstream irrigation systems. 

U.S. Patent Nos . 3,812,855 and 3,920,014 issued to 
Banko disclose an irrigation system that contains a 
plurality of solenoid actuated valves which control the 
flow of an irrigation fluid to a surgical site. Each 

25 valve may have an adjustable needle to vary the flowrate 
and corresponding pressure of the irrigation fluid. The 
Banko system provides no intelligence as to an occluded 
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condition or any type of feedback loop that can be used 
to control the intraocular pressure. It would be 
desirable to provide an irrigation system that can 
control the intraocular pressure and provide various 
safety features for an ophthalmic surgical procedure. 



003543. P002 3 
Express Mail No.: EL23 6786540US 



Patent Application 



SUMMARY OF THE INVENTION 



One embodiment of the present invention is an 
irrigation system for a medical device. The irrigation 
5 system may include a pump that can pump irrigation fluid 
from a reservoir through an irrigation line. The system 
may further have a controller coupled to the pump and an 
accumulator pressure sensor that senses the pressure of 
the irrigation line. The controller can vary the speed 

10 of the pump in response to a change in the line pressure 
to control the irrigation line pressure. Additionally, 
the controller can monitor the fluidic resistance of the 
system by determining the pump speed and corresponding 
flowrate of the pump. The controller can provide one or 

15 more safety output signals if the fluidic resistance 
exceeds a threshold value (s). 



003543. P002 4 
Express Mail No.: EL23 6786540US 



Patent Application 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic of an embodiment of a medical 
system of the present invention. 
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DETAILED DESCRIPTION 



Referring to the drawings more particularly by 
reference numbers, Figure 1 shows an embodiment of a 
5 medical system 10 of the present invention. The system 
10 may include a medical device 12 that is coupled to an 
irrigation system 14 and an aspiration system 16. The 
medical device 12 may include an ultrasonically driven 
tip 18 that extends from a handpiece 20. The handpiece 
□ 10 20 is typically held by a surgeon who inserts the tip 18 
IJ through an incision in a cornea (not shown) . The 

P irrigation system 14 provides an irrigation fluid to the 

\S\ tip 18 and the surgical site. The aspiration system 16 

removes the irrigation fluid and any detached tissue from 
15 the surgical site. Although a phaco handpiece is shown 
and described, it is to be understood that the system 10 
^ may contain another type of medical device such as a 

guillotine cutter. 

The aspiration system 16 may include an aspiration 
2 0 line 22 that is coupled to an aspiration pump 24 and the 
tip 18 of the medical device 12 . The pump 24 may pull 
irrigation fluid and tissue from the surgical site to a 
depository 26. By way of example, the aspiration pump 24 
may be a non-invasive peristaltic pump. The aspiration 
2 5 system 16 may include a pressure sensor 27 that senses 
the pressure of the aspiration line 22. 
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The irrigation system 14 may include an irrigation 
pump 2 8 that is coupled to an irrigation line 30 and an 
irrigation fluid reservoir 32. The reservoir 32 may be 
an IV bottle full of irrigation fluid as is known in the 
art. The irrigation pump 28 may be a non-invasive 
peristaltic pump that generates a flow of irrigation 
fluid through the line 3 0 from the reservoir 32 to the 
medical device 12 . 




^J^ <x iiJ-iyaLiun system 14 may lurther nave ai 
10 accumulator pressure sensor 34 coupled tp^tlie irrigation 
line 30. The accumulator pressure^ensor 34 may be 
coupled to a controller 3£<^The controller 3 6 may also 
be coupled to the^grump 28. The controller 36 may include 
a microprocessor, memory, etc. that can receive input 
15 signaJ^T process the signals in accordance with a 
-luutilie (b ) — and yiuvide uuLput signa irs-: — 
le accumulator pressure sensor 34 may include a 
flexible^ membrane 38 that separates a first chamber 40 
from a second chamber 42. The first chamber 40 is in 
20 fluid communrcation with the irrigation line 30. The 
second chamber 4*2 is in fluid communication with a 
pressure transducer\44 of the controller 36. 

During normal operation, the membrane 3 8 will deflect 
with variations in pressure of the irrigation line 30 and 
25 the first chamber 40. Deflection of the membrane 38 will 
change the volume of the second chamber 42 and the 
corresponding pressure therein. The change in pressure 
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within the irrigation line 30 is sensed by the pressure 
transducer 44 of the controller 36. 



functions. The first chamber 40 provides a reservoir of 
5 pressurized fluid for the system and functions as a 
fluidic capacitor that can maintain the intraocular 
pressure of thfe eye . The flexible membrane 38 and first 
chamber 40 can also filter pressure pulsations created by 
the pump 28. Additionally , the flexible membrane 38 

10 provides a non- invasive means for sensing the pressure 

within the* irrigation l^ne 30. The system may include an 
accumulator (not shown) that provides additional 
capacitance for the second chamber 42. The additional 
accumulator may reduce the sensitivity of the pressure 

15 sensor 34 and allow greater volume of irrigation fluid to 
be stored in the first chamber 40\ 

T&e irrigation system 14 may include a valve 46 that 
can be switched by the controller 3 6 between an on 
position and an off position to control the flow of 

20 irrigation fluid through the irrigation line 30. The 
system 10 may also have a valve 48 that couples the 
irrigation system 14 to the aspiration system 16. The 
valve 48 can be opened to reflux or vent the aspiration 
line 30. 

25 In operation, the controller 3 6 may receive an input 

signal from the transducer 44 that corresponds to the 
pressure within the irrigation line 30. The controller 
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'he accumulator pressure sensor 34 provides multiple 
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3 6 may compare the actual pressure signal with a desired 
pressure signal. If the actual pressure deviates from 
the desired pressure the controller 3 6 may provide an 
output signal (s) to vary the speed of the pump 28. To 
5 prevent a constant switching of the pump 28 the 

controller 3 6 may determine whether the actual pressure 
is within a desired range of pressures. If the actual 
pressure is within the desired range the controller 3 6 
may not vary the speed of the pump 28. If the actual 
10 pressure is outside the desired range the controller 3 6 



^can vary the pump speed, accordingly. 
£ jfij EV way of example, if the valve 46 is open and the 
/ actual pressure is greater than the desired range, the 
controller >3 6 can decrease the speed of the pump 28 to 
15 reduce the irrigation pressure. Likewise, if the actual 
pressure is less\than the desired range the controller 3 6 
can increase the speed of the pump 28. If the valve 46 
is closed the irrigation pressure can be decreased by 
reversing the direct ion \f the pump 28 to pump -fluid out 
20 of the accumulator pressure^ sensor 34. The controller 
36, sensor 34 and pump 2 8 can\thus be used as a closed 
loop feedback system to control >the intraocular pressure 
of an eye during a surgical procedure. 

The irrigation system 14 may have a speed sensor 50 
25 that can provide a feedback signal to the controller 3 6 
which corresponds to the speed of the pump 28. The speed 
sensor 50 may be an optical encoder (not shown) and 
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accompanying circuitry coupled to the output shaft of the 
pump motor (not shown) . Pumps 28 are positive 
displacement type pumps . In a normal operating range the 
flowrate generated by the pump 28 is linearly 
5 proportional to the pump speed. The controller 3 6 can 
thus determine the flowrate from the speed of the pump 28 
with one or more relatively simple calculations. 

The controller 3 6 can calculate the volume of fluid 
pumped through the irrigation line 3 0 by multiplying the 

10 flowrate with the pumping time. The controller 3 6 can 
predict when the reservoir 32 is being depleted by 
comparing the calculated fluid volume with a threshold 
value. The threshold value may correspond to a 
predetermined volume of the reservoir 32. When the 

15 calculated volume is greater than the threshold value the 
controller 3 6 can activate a visual and/or audio 
indicator 52 to warn the operator to replace the 
reservoir 32. 

Additionally, the ability to sense the instanteneous 
20 irrigation flowrate enables the controller 3 6 to maintain 
a constant intraocular pressure by compensating for the 
pressure drop in the irrigation circuit. With a known 
irrigation source resistance, the controller 3 6 can 
easily calculate and compensate for the pressure loss 
25 using the basic fluid equation: Pressure = Flow X 

Resistance. The irrigation source resistance can be 
determined in the design phase using both theoretical and 
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emperical methods. This typical value can be stored in 
the controller 3 6 as constant. However, for better 
results, the control system can accurately determine the 
irrigation resistance for each specific setup by 
5 measuring the flowrate at a specific pressure with 
irrigation free flow and calculate the resistance. 

By sensing the flowrate the controller 3 6 can also 
determine whether there is an occlusion in the aspiration 
system 16. An occlusion will increase the fluidic 

10 resistance of the entire system. The controller 36 can 
calculate the fluidic resistance by dividing the 
differential pressure across the system by the flowrate. 
The calculated actual fluidic resistance can be compared 
to a threshold resistance value. If the actual 

15 resistance is greater than the threshold the controller 
3 6 may activate a visual and/or audio indicator 54 to 
warn the surgeon that an occlusion may exist in the 
system. 

If the actual resistance is greater than the 
20 threshold value, the controller 3 6 may also change the 
speed of the aspiration pump 24 to alter the rate of 
vacuum rise within the aspiration line 22 . The 
controller 3 6 may reduce or terminate the power to the 
medical device 12 to prevent undesirable heating of 
25 tissue by the ultrasonically driven tip 18 . Power 

reduction may be accomplish by decreasing the power level 
and or applying the power in an intermittent manner (i.e. 
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pulse, burst, ect.). The reduction or termination of 
power may correspond to different resistance thresholds. 
By way of example, when the actual resistance exceeds a 
first threshold the controller 3 6 may reduce power to the 
medical device 12 . When the actual resistance is greater 
than a higher threshold the controller 3 6 may actually 
turn the device off. 



^ Hjie threshold resistance value (s) can be normalized 
with the\actual resistance of the system by either 
calculatingNthe system resistance, or measuring the 
resistance whenvthe system is set up and the device is 
inserted into a test chamber . The system resistance can 
be calculated by allowing irrigation fluid to flow 
through the irrigation JSine, test chamber and aspiration 
line, and then determiningVthe resistance by dividing the 
sensed differential pressure\by the measured flowrate. 
The flowrate can be determined Xrom the speed of the pump 
28. The differential pressure canVbe determined from the 
pressures sensed by sensors 27 and 3&. 

While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is 
to be understood that such embodiments are merely 
illustrative of and not restrictive on the broad 
invention, and that this invention not be limited to the 
specific constructions and arrangements shown and 
described, since various other modifications may occur to 
those ordinarily skilled in the art. 
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